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ABSTRACT: To evaluate the role of fish larvae as a Link between the microbial loop and higher trophic 
levels, predation of protozoan zooplankton by young larvae was investigated. More than 400 individual 
fish larvae with total lengths of less than ca 10 mm in 52 different taxonomic groups were collected at 
different sampling times from several coastal regions, and the gut contents of larvae were exarnined 
under epifluorescence microscopy after staining with DAPI. Among numerous fragments of copepod 
nauplii, many flagellate-like cells with a size of 5 pm and ciliate-like cells with a size of 20 to 30 pm 
were frequently recognized. The number of protozoan cells varied significantly from one larva to 
another. Some individuals had more than 60 protozoa. while others contained none at all. The amount 
of protists contained in the gut of larvae depended on the fish species and did not show any trend 
with the body or rnouth sizes of larvae, nor the sampling site or season. Fish taxa were divided into 3 
groups depending on the amount of protists in the gut: 'abundant', 'moderate', and 'none' The Acan- 
thopterygii group contained the highest concentration of protozoa. Results of the present study sug- 
gested that fish larvae of some taxonon~ical groups were important predators of protozoa and may be 
an important link between the microbial loop and the grazing food chain. 
KEY WORDS: Protozoa . Predation . Diet of fish larvae . Microbial loop . Grazing food chain . Gut 
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INTRODUCTION 
Heterotrophic flagellates and ciliates are widely dis- 
tributed in aquatic environments (see Porter et al. 
1985, Fenchel 1986 for a review). They are the main 
consumers of microbes and play an important role in 
the energy flow of aquatic ecosystems (Fenchel 1982, 
Azam et al. 1983, Hagström et al. 1988, Sherr & Sherr 
1988, Fukami et al. 1991, 1996). Many reports have 
been published on the bacterivory of protozoa. How- 
ever, much uncertainty still remains on the carbon 
transfer from the microbial loop to higher trophic levels 
(Sherr et al. 1986). Sherr et al. (1986) pointed out that 
the predation on protozoa by metazoa could be a 'miss- 
ing' trophic link in manne pelagic food webs. Some 
recent studies indicate that flagellates and ciliates are 
important in the diet of metazoans such ds calanoid 
copepods and/or cladocerans in manne and freshwater 
environments (Stoecker et al. 1987a, b, Sherr & Sherr 
1988, Turner et al. 1988, Stoecker & Capuzzo 1990, 
Hartmann et al. 1993). However, the fate of bacteiivo- 
rous protozoans is not yet well known. 
Protozoa may also be consumed by fish larvae. Con- 
siderable information exists on the diet of fish larvae 
(See Tanaka 1980 for a review). Last (1978a, b) reported 
that most diets of flat fish larvae of several species con- 
sisted of nauplii and copepodites of calanoid copepods, 
although some diatoms, dinoflagellates and tintinnids 
were also present. The main diets of some menhaden 
(Govoni et al. 1983, Stoecker & Govoni 1984), Atlantic 
croaker (Govoni et al. 1983) and Japanese sardine 
(Nakata 1988) larvae consisted of copepod nauplii. The 
diets of Japanese flounder larvae were Oikopleura 
spp. and copepod nauplii (Ikewaki & Tanaka 1993). So 
far, it has generally been considered that fish larvae 
feed mostly on copepod nauplii and sometimes on lori- 
cate tintinnid ciliates. 
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However, copepod nauplii are too 
large for young larvae with body 
lengths of less than 2 to 3 mm to con- 
sume (Lasker et al. 1970, Last 1978a, b, 
Ikewaki & Tanaka 1993). The proportion 
of tintinnids in gut contents tends, there- 
fore, to increase with decreasing size of 
fish larvae (Last 1978a,b, Stoecker & 
Govoni 1984). The biomass of protozoa 
is on the same order of magnitude as 
that of copepod nauplii (Uye et al. 1996, 
1998, Uye & Shimazu 1997). Moreover, 
as the growth and turnover rates of pro- 
tozoa are much faster than those of 
copepods, the contnbution of protists to 
the diet of higher trophic level con- 
sumers should be much larger. Since 
protozoa move more slowly than most 
copepod nauplii, they should be easily I 
caught by young larval fish (Stoecker & 
Govoni 1984). The majority of planktonic protozoa are 
non-loncate, fragile species and, therefore, are easily 
decomposed in the fish gut. Thus, protist ingestion may 
have been neglected in the past because of difficulties 
in descnbing the gut contents of fish larvae, due to a 
high degree of decompositon of the food and the use of 
normal techniques of microscopy for species identifica- 
tion. Modern fluorescence microscopy approaches 
have not yet been used in this specific research field. 
In the present study, we collected many fish larvae 
covenng a wide range of taxa in the natural environ- 
ment and obsenred carefully the gut contents by using 
epifluorescence microscopy and the DAPI-staining 
method. Results obtained in this study supported the 
contention that fish larvae may be a link between the 
microbial loop and higher trophic levels. 
MATERIALS AND METHODS 
Sample collection. Samples of fish larvae were col- 
lected from surface (Stns Tl-0,  T2-0, T3-0, Fig. 1) and 0 
to 30 m depth (Stn T2-30, Fig. 1) waters of Tosa Bay by 
oblique tows using a conical plankton net, with a 
mouth diameter of 1 m and mesh size of 0.33 rnrn, on 12 
occasions from April 1993 through March 1994. Sam- 
ple collections were also carried out in Iyo-Nada (0 to 
42 m at Stn LI-8, 0 to 51 m at L5-5, Fig. 1) on June 30 
and July 1, 1993, respectively, and from surface water 
in western Hiuchi-Nada (Stn SI ,  Fig. 1) in August 
1994, using the Same plankton net. 
Larval samples were fixed immediately on board 
with 2 % formalin neutralized with hexamethylene- 
tetramine, or were brought back to the laboratory in 
ice-cold condition and then fixed in the laboratory as 
:ig. 1. Sampling sites (m)  around Shikoku Islancl, Japan 
described above. All the larval samples fixed were 
maintained in the cold (4°C) for up to 2 wk until analy- 
sis. 
Seawater samples were collected at the same station 
as the larvae, and were fixed with glutaraldehyde 
(final conc. 1 %). These samples were used for count- 
ing the abundances of protists in seawater. 
Laboratory analyses. Individuals of post larval stage 
were selected. After identifying the taxonomical group 
of the fish samples, total length (TL) and upper jaw 
length (UJL) were measured. 
The whole alimentary canal of each individual larva 
was removed by using a sharp operating needle under 
binocular microscopy. The needle was prepared with 
tungsten wire (diam. 0.4 mm) after sharpening the tip 
by melting the point in sodium nitnte in a crucible. 
After several nnsings with filtered seawater on the 
glass slide, the gut was opened with a needle, and all 
contents were removed and placed into 1. % glutar- 
aldehyde in the well of a microplate. They were kept 
in a refngerator for up to 3 d until observation. 
The gut contents were double-stained; first by fluo- 
rescein isothiocyanate (FITC) (final conc. 2 to 4 pg 
ml-') for 5 min and subsequently by 4,6-dia.midino-2- 
phenylindole (DAPI) (final conc. 0.1 pg ml ' )  for 5 min 
(Porter & Feig 1980, Imai & Ito 1984). All the samples in 
a microplate well were then filtered onto a 1.0 Fm 
Nuclepore filter pre-stained with Sudan Black B 
(Fukami et al. 1991). Protozoa with DAPI-stained clear 
nuclei in the gut contents were counted using an epi- 
fluorescence microscope equipped with filter sets for 
IB (excitation filter BP460-490, dichroic mirror DM505, 
absorbing filter BA515F) and UV (excitation filter 
BP330-385, dichroic mirror DM400, absorbing filter 
BA420) excitation. 
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Fig. 2. Ce11 clump detached from trunks of fish intestine (I) 
and small protozoan (ciliate) celi in the gut (P) 
During the mic roscopic observation, it was some- 
times difficult at first to differentiate protozoa and cells 
detached from trunks of fish intestine (Nakata 1988). 
However, we noticed later that the latter was usually 
observed in clumps of several intact cells of sirnilar size 
and morphology (Fig. 2), while the former was always 
a single, unattached cell (Figs. 2 & 3). Therefore proto- 
zoan cells and gut cells could be distinguished from 
each other 
RESULTS 
We examined the gut contents of 434 individuals, in 
at least 52 different genera, of fish larvae, from 3 dif- 
ferent areas (Fig. 1). Total lengths of most larvae exam- 
ined were less than 10 mm, and usually only several 
millimeters (Tables 1 & 2). 
Table 1. Terapon jarbua. Individuals examined. Date and 
stations of sample collection, total length (TL), upper jaw 
length (UJL), and amount of protozoan-like ceiis in the gut 
content (no. of protists) are shown. 0: no protists observed; 
+: containing less than 30 protists; ++: containing between 
30 and 60 protists, +++: containing more than 60 protists. 
ND: not determined 
Sampling Stn depth TL UJL No. of 
date (1993) (mm) (mm) protists 
Aug 18 Tl-0 3.70 1 .OO 0 
8.60 0.70 0 
10.95 0.85 + 
11.45 0.90 0 
6.65 0.70 + 
6.80 0.70 + 
6.05 0.45 + 
Sep 20 5.75 0.30 + 
3.10 ND + 
3.35 0.15 + 
3.55 0.20 + 
3.55 0.20 + 
3.80 0.30 + 
4.05 0.35 + 
5.45 0.35 + 
5.50 0.40 ++ 
5.70 0.35 ++ 
5.90 0.40 + 
6.45 0.40 + 
6.65 0.40 + 
Oct 22 4.05 0.30 0 
6.40 0.40 + 
6.95 0.50 + 
7.80 0.35 + 
4.50 0.30 + 
4.55 0.30 + 
4.60 0.30 + 
T2-30 5.80 0.30 ++ 
5.85 0.50 + 
NOV 16 T2-0 6.05 0.30 + 
Fig. 3. Protozoan zooplankton cells (arrows) observed in the gut contents of 
fish larvae under epifluorescence microscopy. Diameters are about 10 pn 
Numerous fragments of copepod nau- 
plii as well as phytoplankton cells were 
observed in most guts. Many flagellate- 
like cells with a size of ca 5 pm and cili- 
ate-like cells with a size of 20 to 30 pm 
were frequently recognized (Fig. 3), 
although these protozoa were not identi- 
fied taxonomically, as some protozoan 
cells, especially the ciliate-like cells, were 
partly decomposed. 
Since the numbers of protozoan-like 
cells in 1 fish larva vaned significantly 
from one individual to another, we 
divided the fish larvae into 4 groups 
according to the number of protozoa 
contained in the gut: Group 0, for no 
protozoa observed at ail; Group +, con- 
taining less than 30 cells; Group ++, con- 
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Table 2. List of taxonomical names of fish larvae examined, numbers of individuals observed, total length (TL), upper jaw length 
(UJL), and nurnbers of lawae in 4 categories with different amounts of protists in the gut. 0: no protists observed; t: containing 
less than 30 protists; ++: containing between 30 and 60 protists; +++: containing more than 60 protists. ND: not determined 
Taxon No. of TL UJL No. of protists in the gut 
individuals (mm) (mm) 0 + C+ +++ 
Engra ulis japonicus 23 6.95-14.60 N D  23 0 0 0 
Etrumeus teres 2 6.00-7.20 0.25 0 2 0 0 
Sardinella zunasi 1 5.70 0.20 1 0 0 0 
Sardinops melanostictus 89 5.35-15.35 0.15-0.60 89 0 0 0 
Saurida sp. 2 4.35-6.05 0.15-0.35 1 1 0 0 
Myctophidae spp 4 4.15-7.65 0.30-0.50 2 2 0 0 
Ophidiidae sp 1 6.05 0.20 I 0 0 0 
Laemonema nana 3 4.10-8.20 0.35-0.80 1 0 1 1 
Bregmacerotidae sp. 5 4.20-7.80 0.55-0.80 3 0 0 
Chelon sp. 12 4.40-8.20 0.25-0.40 6 6 0 
Mugil cephalus cephalus 1 3.80 0 20 1 0 0 
Atherinidae sp. 1 5.95 0.15 1 0 0 0 
Colola bis saira 4 5.20-7.05 0.20-0.25 0 4 0 0 
Exocoetidae spp. 14 4.10-8.80 0.20-0.40 2 9 2 1 
Macroramphosus scolopax 3 3.35-5.25 0.15-0.20 1 2 0 0 
Scorpaenidae spp. 13 2.50-4.80 0.15-0.40 C 13 0 0 
Sebastiscus marmoratus 2 4.10-6.20 0.20-0.40 2 0 0 
Platycephalidae sp. 2 4.65-5.50 0.70-0.7 5 1 1 0 0 
Sacura margaritacea 1 4.60 0.80 0 1 0 0 
Sillago japonica 11 3.00-8.25 0.20-0.65 6 5 0 0 
Carangidae spp. 24 3.10-9.80 0.20-0.70 4 18 2 0 
Seriola sp. 1 7.00 0.80 0 0 1 0 
Trachurus japonicus 1 6.80 N D  0 1 0 0 
Gerres oyena 6 10.20-11.60 0.80-1.00 f 0 0 0 
Acan thopagrus schlegeii 1 4.30 0.20 1 0 0 
Sparus sarba 1 11.55 0.40 0 0 1 0 
Sciaenidae sp. 1 4.95 0.40 0 0 1 0 
~Muihdae spp. 4 0 3.60-8.95 0.25-0.75 4 30 6 0 
Girella spp. 13 4.50-9.70 0.20-0.45 3 8 2 0 
Microcanthus stngatus 1 8.80 0.40 0 0 1 0 
Terapontidae sp. 2 4.10-4.35 0.20-0.30 0 2 0 0 
Terapon jarbua 3 0 3.10-11 45 0.30-0.90 4 23 3 0 
Pomacentndae sp. 1 3.80 0.40 0 0 1 0 
Chrornis notata notata 10 2.15-2 40 0.15 0 10 0 0 
Labndae spp. 9 3.50-7.40 0.20-0.35 7 2 0 0 
Champsodon sn yderi 2 4.60-4.65 0.30-0.40 0 2 0 0 
Pinguipedidae sp. 1 3.80 0.20 1 0 0 0 
Trichonotidae sp. 1 10.00 0.40 I 0 0 0 
Enneapterygius etheostomus 1 3.65 0.25 0 1 0 0 
Blenniidae spp. 29 3.00-11.10 0.20-0.50 4 23 2 0 
Parablennius yata bei 8 4.40-9.90 0.20-0.40 0 3 4 1 
Cailionymidae spp. 19 2.20-7.35 0.15-0.30 0 14 2 3 
Gobiidae spp. 13 2.10-7.65 0.15-0.35 3 10 0 0 
Sphyraena sp. 2 15.20-17.50 2.30-2.65 0 2 0 0 
Sphyraena pinguis 1 5.40 0.80 1 0 0 0 
Trichiurus japonicus 3 6.15-8.25 0.70 2 1 0 0 
Scom ber japonicus 7 4.00-7.20 0.20-0.70 2 3 1 1 
Bothidae sp. 1 6.00 0.25 0 1 0 0 
Cynoglossidae sp. 2 5.05 0.20-0.25 1 1 0 0 
Cynoglossus sp. 1 6.75 0.60 0 1 0 0 
Rudarius ercodes 3 5.55-7.10 0.30 0 0 2 1 
Stephanolepis cirrhifer 5 3.80-5.80 0.25-0.40 0 1 2 2 
taining between 30 and 60 cells; and Group +++, con- The results for Terapon jarbua are shown in Table 1 
taining more than 60 cells. In this classification, the as a representative example. Most larvae of this spe- 
amount of other food, i.e. copepod nauplii, was not cies had many protozoan cells in the gut. The maxi- 
taken into account. mum contribution of protozoa to the gut contents in 
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NO. OF PROTOZOA 
Fig. 4. Upeneus bensassi. Relationship between the numbers 
of protozoa in the gut and total length (TL) of larvae. None: no 
protozoa observed; moderate: containing less than 30 proto- 
zoa; abundant containing more than 30 
terms of biomass was roughly equiva- 
lent to the other items of the diet. 
Other species, e.g. Sillago japonica, 
also evidenced protozoan cells in their 
gut contents; however, the numbers of 
protists in a Single individual did not 
exceed 30 and some individuals had 
no protists. On the other hand, in spe- 
cies such as Engraulis japonicus all 
larvae examined were completely 
devoid of protozoan cells in their gut 
contents. Table 2 lists the 52 different 
taxonomical groups of larvae ob- 
served, the total numbers of larval 
individuals examined, and the num- 
bers of larvae classified in the 4 cate- 
gones (0, +, ++, +++). Total lengths and 
upper jaw lengths are also shown in 
Table 2. Fig. 4 illustrates the relation- 
ship between the numbers of protists 
in the gut and the TL of Upeneus ben- 
sassi samples. There was no signifi- 
Cant relationship between the two, nor 
with the UJL of fish larvae. However, 
the amount of protozoa ingested was 
dependent on the taxon of fish larvae 
(Table 2). 
We determined the abundances of 
heterotrophic flagellates in Tosa Bay 
(Stns T l ,  T2, T3) and Iyo-Nada (Stns LI-8 and L5-5) 
sin~ultaneously with the sampling of fish larvae, 
although ciliate densities were not measured. The 
abundances of flagellates were 5 to 10 X lo5 cells 1-' in 
Tosa Bay and 1 to 5 X 105 cells 1-' in Iyo-Nada. The 
maximal abundances were usually obtained in the sur- 
face layer, and there was no relationship between the 
amount of protozoa in the gut contents of larvae and 
abundances of flagellates in the ambient seawater. 
On the basis of the numbers of protozoa observed in 
the gut, fish species were classified into 3 yroups 
(Table 3).  The first group includes taxa of larvae con- 
taining more than 30 protists in their gut (and is 
referred to as the 'abundant' group). Considenng only 
species for which a minimum of 10 individuals were 
obtained in the field sampling, the 'abundant' group 
included Chelon sp.,  Exocoetidae spp., Carangidae 
spp., Mullidae spp.,  Girella spp., Terapon jarbua, 
Blenniidae spp. and Callionymidae spp. The second 
group is composed of larvae containing up to 30 pro- 
tozoa (referred to as 'moderate'). The main species in 
this group are: Scorpaenidae spp., Sillago japonica, 
Chromis notata notata and Gobiidae spp. The third 
group includes larvae in which protists were absent in 
the gut contents of all individuals (referred to as 
'none'). In this category, Engraulis japonicus and 
Table 3. Classification of the taxonomical groups of fish larvae on the basis of the 
amount of protists in the gut contents. Abundant: containing more than 30 
protists in 1 individual; moderate: containing up to 30 protists in 1 individual; 
none: no protists observed 
Amount of protists in the gut content 
Abundant Moderate None 
Laernonema nana 
Chelon sp. 
Exocoetidae spp. 
Carangidae spp. 
Seriola sp. 
Sparus sarba 
Sciaenidae sp. 
Mullidae spp. 
Girella spp. 
Microcanthus strigatus 
Terapon jarbua 
Pomacentndae sp. 
Blennüdae spp. 
Parablennius yata bei 
Callionymidae spp. 
Scom ber japonicus 
Rudarius ercodes 
Stephanolepis cirrhifer 
Etrurneus teres Engraulis japonicus 
Saurida sp. Sardinella zunasi 
Myctophidae spp. Sardinops rnelanostictus 
Bregmacerotidae sp. Ophidiidae sp. 
Mugil cephalus cephalus Atherinidae sp. 
Colola bis saira Gerres oyena 
Macroramphosus scolopax Pinguipedidae sp. 
Scorpaenidae spp. Tnchonotidae sp. 
Sebastiscus marmoratus Sphyraena pinguis 
Platycephalidae sp. 
Sacura rnargaritacea 
SiUago japonica 
Trachurus japonicus 
Acanthopagrus schlegeli 
Terapontidae sp. 
Chromis notata notata 
Labndae spp. 
Charnpsodon snyden 
Enneapterygius etheostomus 
Gobiidae spp. 
Sphyraena sp. 
Tnchiurus japonicus 
Bothidae sp. 
Cynoglossidae sp. 
Cynoglossus sp. 
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Table 4.  Total number of fish taxa and number and percent of 
Acanthopterygii according to abundance categones of pro- 
tists in the gut. Abundant: containing more than 30 protists in 
1 individual; moderate: containing up to 30 protists in 1 
individual; none: no protists observed 
Amount of protists in the gut 
Abundant Moderate None 
Total no. of fish taxa 18 28 10 
No. of Acanthopterygii 17 25 5 
% of Acanthopterygii 94.4 89.3 50.0 
Sardinops melanostictus are of particular note as no 
protozoa at all were observed in their gut contents, 
although many individuals, 23 for the former and 89 for 
the latter, were examined (Table 2). 
Table 4 shows the percentages of Acanthopterygii 
according to the 3 categories of fish larvae mentioned 
above (Table 3). It is shown that the proportion of 
Acanthopterygii is largest (94.4 %) in the category with 
high protozoan predation ('abundant'), and lowest 
(50.0%) in the 'none' group. 
DISCUSSION 
In the present study, we examined the gut contents 
of more than 400 individual fish larvae belonging to 52 
different taxonomical groups. Samples were collected 
from 6 different stations (Fig. 1) in various seasons. 
Abundant protist-like cells were recognized, under 
epifluorescence microscopy, in the gut of fish larvae. 
As mentioned in 'Materials and methods', these cells 
had clear nuclei and were easily distinguished from 
those of fish intestine (Figs. 2 & 3), and it can be con- 
cluded that these 'protist-like' cells were really flagel- 
lates and ciliates. There is little information on the pre- 
dation of protozoa by fish larvae, except for the loricate 
tintinnids (Last 1978a, b, Govoni et al. 1983, Stoecker & 
Govoni 1984, Ikewaki & Tanaka 1993). As non-loncate 
and naked protist ceils are too fragile, small and trans- 
parent to be identified under light microscopy, they 
have not been observed or reported before. 
From the results obtained in the present study, fish 
larvae seem to be important predators of protozoan 
zooplankton (Stoecker & Capuzzo 1990). Some indi- 
v idua l~  with a TL of 5 to 7 mm had more than 60 pro- 
tists in their gut contents (Tables 1 & 2) .  The amount of 
protozoa in the gut was only dependent on the fish 
species and not on morphological characteristics, such 
as body or mouth size (Fig. 4, Tables 1 & 2) .  This sug- 
gests that some fish larvae preyed on protozoa selec- 
tively among various diet items. In the present study, 
we did not deal with the taxonomy of protozoa preyed 
upon by these fish larvae; this remains Open to future 
study. 
The percentage of Acanthopterygii was highest in 
the category with high protozoan predation ('abun- 
dant') (Table 4). So far, we do not have any reasonable 
explanation for this result. The Acanthopterygii are 
more highly evolved than other fish taxonomical 
groups (Helfman et al. 1997). They are able to swim 
easily (Helfman et al. 1997) and may therefore have 
some advantage over other groups for catching and 
preying on protozoa. Further studies are necessary to 
elucidate this point. 
In our findings, none of the observed individuals of 
Engraulis japonicus and Sardinops melanostictus had 
protists in their guts (Table 2). These results suggest 
that the 2 species rarely prey on protists. However, 
Yamashita (1990) mentioned that anchovy larvae often 
defecate gut contents when stressed, due to their 
undifferentiated and straight intestine. Therefore, it 1s 
possible that individuals of Engraulis japonicus and 
Sardinops melanostictus were stressed during collec- 
tion and may have lost their gut contents. 
In the present study, it was shown that fish larvae 
play an important role as predators of protozoan zoo- 
plankton. This indicates that one of the links between 
the microbial loop and higher trophic levels may be 
represented by the activities of young fish larvae. Our 
findings provide some information on the energy flow 
from the microbial loop to the traditional grazing food 
chain (Sherr et al. 1986, Stoecker & Capuzzo 1990). 
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